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INITIAL PRIMING SUBSTANCES FOR HIGH 
EXPLOSIVES. 


By Guy B. Taytor and W. C. Corr. 


’ INTRODUCTION. 


In order to insure effective action by high explosives, or explosives 
of the second order, it is necessary to use a detonator. As most of 
the technically useful blasting explosives and all the permissible ex- 
plosives used in coal mines are explosives of the second order, an 
exact knowledge of the theory and practice of initiating their explo- 
sion is highly desirable. Misfires frequently cause accidents, and 
many misfires and incomplete detonations of explosives result from 
the failure or the ineffectiveness of the detonator. The Bureau of 
Mines is frequently asked to investigate such difficulties and is con- 
stantly testing and analyzing detonators. Besides making these 
practical tests, the bureau is to investigate the properties of initiat- 
ing substances. 

The course that an explosive reaction may take is influenced by the 
character of the initial impulse imparted to the explosive and also 
by the nature of the explosive itself. In other words, the effect 
produced by an explosive in practice depends not only on the explo- 
sive, but also on the primer @ used to set it off. 

Practically all detonator compositions used in this country have 
as their essential ingredient fulminate of mercury. Heretofore, the 
most ‘common method of varying the character of the primer has 
been that of varying the weight of the fulminate mixture in the 
copper shell, that is, by using stronger or weaker detonators. Recent 
investigations have shown that there are primers more efficient than 
mercury fulminate mixtures. 


*In this report the author considers explosives as of two orders. First order explosives 
are of the slow-burning type, such as black powder. Second order explosives are of the 
detonating type, such as dynamite. 

¢The word “ primer” in this report signifies any substance which by burning or ex- 
plosion in contact with the principal explosive charge causes the latter to explode. The 
primer used for blasting explosives used in mines is called a detonator or blasting cap. 
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6 INITIAL PRIMING SUBSTANCES FOR HIGH EXPLOSIVES. 


DEVELOPMENT OF PRIMERS FOR HIGH EXPLOSIVES. 


“Tnitial ignition,” says Brunswig (12),* “or, more generally, initial 
impulse, is that impulse which is necessary in order that a sensitive 
system, capable of exothermal transformation, is caused to explode. 
Since the resistance which, especially in the case of heterogeneous sys- 
tems, prevents spontaneous explosive decomposition must first be 
overcome, the initial impulse performs a very essential though only 
preparatory work.” 

For explosives of the first order, such as black powder, the initial 
impulse is supplied by the momentary application at a single point 
of a source of high temperature, usually the flame from a fuse, a 
match, or a percussion cap. Explosives of the second order require 
stronger means of ignition, and the initial impulse is usually pro- 
vided by exploding a first-order, highly brisant explosive in.contact 
with them. Initial priming explosives may be defined as explosives 
of the first order that when exploded in small quantities will transmit 
detonation to high explosives. This definition excludes intermediate 
priming explosives, the so-called “ boosters,” as a booster fired as a 
primary charge, at least in small quantities, has no power of initiating 
detonation." 

Nitroglycerin, discovered by Sobrero in 1846, was not industrially 
applied until the early sixties. Nobel, to whose indomitable per- 
severance the world owes the development of this agent now so 
important in engineering undertakings, discovered the means of 
detonating it surely and effectively by mercury fulminate in 1864. 
Previous to that time Nobel (1) had experimented with mixtures of 
black powder and nitroglycerin inclosed in wooden or metallic car- 
tridges. These relatively large charges fired under the liquid nitro- 
glycerin by means of a fuse were not wholly satisfactory. The 
modern use of high explosives begins with Nobel’s introduction of 
dynamite—nitroglycerin absorbed by a porous material—in 1867 and 
the small drawn copper or zine shell filled with mercury fulmi- 
nate (5). . 

At first the fulminate was mixed with black powder, then with 
potassium nitrate, and later with potassium chlorate. The chlorate 
mixture is to-day practically the only priming composition of com- 
mercial importance. 

In 1888 a patent (101) granted to Nobel proposed to substitute 
a mixture of potassium chlorate and lead picrate, but even this 


«The numbers refer to those printed in the bibliography at the end of this paper. 

«Dry gunecotton, long used as an intermediate primer for wet gunecotton, must be fired 
by an initial primer, such as fulminate. Guncotton is both a primary and a secondary 
explosive, according to the means of ignition, but has no priming action if set off by 
means of a fuse, Loose-powdered nitro compounds are used as intermediate primers for 
compressed or cast nitro compounds. 
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mixture required a superimposed primer of mercury fulminate in 
order to assure the maximum effect. The next advance was the 
proposal of Wohler (114), in 1900, to apply the principle of the 
booster charge by substituting nitro compounds for part of the 
fulminate in blasting caps. 

Following the work of Curtius (42) on hydronitric acid Will and 
Lenze (30) experimented with hydronitrides (azides) at the military 
testing station at Spandau. A fatal accident terminated these ex- 
periments and they were kept secret by the German war office. 
Wohler (33) in seeking for primers to replace fulminate, and in ignor- 
ance of the earlier work of Will and Lenze, discovered the great ef- 
fectiveness of hydronitrides and published his work in 1907. Since 
that time lead hydronitride (or azide, PbN«) has been put on the 
market by a German concern, but has not been manufactured ex- 
tensively in this country, whether for technical or commercial reasons 
is not evident. Recently patents (91, 94) have been issued for 
primers consisting of pure organic compounds without any metal. 
It is claimed that bis-diazonitrobenzene perchlorate is superior to 
fulminate and even the azides as an initiating explosive (23). 


THEORIES OF ACTION OF INITIAL PRIMERS. 


The wave theory of detonation in high explosives as developed 
by Berthelot (10) finds general acceptance to-day. There have been 
two main theories of the mechanism of the transmission of the 
explosion wave from the initiating explosive to the high explosive. 
Abel (6) advanced the hypothesis of wave synchronism. His ex- 
periments showed that the highly brisant explosives, nitrogen chlo- 
ride and nitrogen iodide, have no priming effect on nitroglycerin or 
guncotton. Only once did 3.5 grams of nitrogen chloride detonate 
guncotton, whereas one-tenth as much mercury fulminate invariably 
did so. Abel ascribed the peculiar action of the fulminate to a syn- 
chronism between the explosion wave of the fulminate and that of 
the high explosive. Threlfall (29) in criticizing the Abel hypothesis 
suggested a theory of vortex rings. Meyer (20) holds that, according 
to Abel’s hypothesis, every explosive ought to be its own best de- 
sonating primer. 

’ The second theory strives to account for the action of initial 
primers as a mechanical and heat effect. This view seems to have 
been held by Nobel as well as by Berthelot. Its latest champion is 
Wohler (31). His idea, in brief, is that the effect of initial priming 
results from enormous momentary pressure. In order to obtain this 
pressure, a rapid rate of decomposition accompanied by high tem- 
perature is prerequisite. Any mixture of substances, or any combi- 
nation of substances that, when placed in the detonator shell and 
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ignited by flame or spark, detonates with such velocity that the 
walls of the shell do not yield until the entire gaseous product has 
so accumulated that it can escape all at once, and deliver by its 
kinetic energy a colossal blow, will be an efficient primer. ~ Storm 
and Cope (27) consider the initial rate of detonation as the most 
important property of primers, and state that this initial rate is far 
higher than is indicated by the methods used for measuring rate 
of detonation of blasting explosives. Their views are not at variance 
with those of Wohler. Stettbacher (23) is not so ready to abandon 
entirely the wave-synchronism theory and considers that Wohler 
leaves much unexplained. 


WORK OF OTHER INVESTIGATORS. 


Wohler and Matter (321) investigated the explosive properties 
and the priming effects of seven explosives besides mercury ful- 
minate. Tests were made to ascertain their expansion in lead blocks, 
their penetrating effect on lead plates, and the temperature at 
which they ignited. The results are given in Table 1. 


TABLE 1.—Results of tests by Wohler and Matter to ascertain carplosive effects 
of initial primers. 


Lead-block test. Lead-plate test. 
Ignition 
Load- 
Primer. ing Chamber Weight required Lae der gol ses 
density] 22° OY) “forcomplete | Orcerof) ture. 
(maxi- ing perforation. ne 
mum). Be. ~ 
Grams 
ce. C. Cie. Grams. oC. 
Silver hydronitrided............-seeeeeeesenes 3.382 22.6 0.10 1 290 
Mercury fulminate................- eo] 2.112 25.6 -20 2 190 
Trimercury aldehyde perchlorate..............|...----- 18,3: ccs ecevewsemenece Bl cegseecncs 
Trimercury aldehyde chlorate. . 2.995 15.3 -40 4 130 
Diazobenzene-nitrale. .........- 1.459 43.1 1.5 to 2.0 5 9 
Nitrogen sulphide............ cast “id L2 39.2 1.5 to 2.0 6 190 
Sodium: {ulmMinates. 2.0. n-reseedeeeswscces sae 1.651 14.9 | No perforation. 7 150 
7.5 | No perforation. 8 160 


a The salts of the acid (HNs) are variously known as hydronitrides, trinitrides, nitrides, and azides. 


To determine the actual priming effect of these same substances, 
Wohler weighed 1 gram of a nitro compound into a No. 10 copper 
detonator shell, and its surface was smoothed by slight pressure, and 
the required quantity of the priming being tested was added on top. 
A small perforated brass capsule was placed on top of the priming 
and a pressure of 2,000 kilograms per square centimeter was applied. 
Tor the mercury aldehydes a pressure of only 400 kilograms per 
square centimeter was used. By firing these loaded detonator shells 
on lead plates, the minimum quantity of priming required for the 
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complete detonation of the nitro compound was determined. The 
results are given in Table 2 following: 


TABLE 2.—Results of tests conducted by Wohler to determine minimum weight 
of primer required to detonate nitro compounds, 


[Results expressed in grams.] 


G Plerie | nitro | TE 
un- ic To 
Primer. cotton.| acid. | re- | Bitro 
sorcin. 

fiver hydronitride .............--... 0.05 | 0.027 0.08 

Mercury fulminate...............--.+ -20 . -20 ° , 
Trimercury aldehyde perchlorate.....|........ +15 (2) 40 |......2. z 
Trimercury aldehyde chlorate. ....... -30 BO) Niscccacslasscasesly CO) “fowscanns 
ee ree baagapeeane artis Cyl lesstsdevlewesavasladasacstlecess 

trogen si Bu. ccevce e 

jum fulninate Lie peel wes vaiee cs 3 
nitro methane............. Cy) News taue sigcrcceleceastnclesgansteltecaseseleanassnc 


20,40-gram charge failed. > 0.50-gram charge caused partial detonation. -¢ 0.50-gram charge failed, 


In a similar manner Martin (19) determined the minimum charge 
for some fulminates and azides. One-half gram of the nitrocom- 
pound was used, the loading pressure being 1,100 kilograms per 
square centimeter. Martin introduced the conception of work density 

1. 
(Ag) derived from the formula Ag= ee (kg. m. per ¢. ¢.), 
in which V, is the volume of gas at 0° C. and 1 atmosphere evolved 
from 1 c. c. of the explosive, and T is the absolute explosion tempera- 
ture calculated from the heat of explosion. The results of tests 
recorded in Table 3 following indicate that there is a lack of parallel- 
ism between “ work density ” and priming efficiency. 


TaBLe 3.—Results of tests. by Martin to determine minimum weight of primer 
required to detonate nitrocompounds. 


[Results in grams.) 
Tetra- Loading 
Primer nitro- Picric | Trinitro- | Trinitro- aon density. 
; methyl-| acid. | toluene. | anigol. | “(A%)¥* | (Grams 
anilin. c. C.) 
— fulminate .....2252sicescceccsaces 0. 29 0.30 0. 36 0.37 152.15 3. 298 
Silver fulminate.. ah - 02 +05 . 23 101.0 3.2 
Cadmium fulminate . 008 -05 ll 26 152.0 3. 002 
Mercurous azide.... 045 -075 145 55 110. 4 3. 78 
Silver azide..... 02 - 035 07 26 95. 95 2.98 
azide.....-. - 025 - 025 -09 -28 98. 96 3.01 
jum azide. -O1 -02 04 «10 119.3 2.20 


In a report issued by the Rheinisch-westfiilische Sprengstoffe Ak- 
tien-Gesellschaft (28) comparisons were made of the effects of 
“ straight ” mercury fulminate, of its mixture with 20 per cent of 
potassium chlorate, and of lead azide (PbN,). All three gave about 
the same effect in perforating lead plates. The chlorate mixture 

10208°—17——2 


Google 
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hollowed out a cavity of 33.5 c. c. in a lead block; the straight ful- 
minate produced a cavity of 25.3 c. c. and the lead azide a cavity of 
21.5 c. c. The detonating efficiencies on 1 gram of nitrocompound 
tested in a copper shell 45 by 6.85 mm. with the inner perforated 
capsule (so-called reinforced detonator) were as follows: 


Results of tests to determine detonating efficiencies of three primers. 


Quantity required to 


detonate— 
Primer. 
Trinitro- (geting 

toluene, | Methyl 

anilin. 

Grams. Grams. 

Pure fulminate..........2-.cccscseeee 0.35 0. 40 
Mixture of 80 per cent mercury fulmi- 
nate and per cent potassium 


Storm and Cope (27) have used the “sand test” to determine 
the efficiencies of initial priming compositions, particularly mixtures 
of mercury fulminate and potassium chlorate. For the details of 
this elaborate series of tests the original paper should be consulted. 
The results showed that as to ability both to crush quartz sand and 
to detonate nitrosubstitution compounds the compositions stood in 
the following order: Eighty per cent fulminate, 20 per cent chlorate; 
90 per cent fulminate, 10 per cent chlorate; straight fulminate. 


RESULTS OF EXPERIMENTS. 


The “sand test” as developed by Storm and Cope (27) offers an 
unusually good device for the laboratory study of initial prim- 
ing explosives. In a previous report? two explosives of the second 
order, trinitrotoluene (TNT) and tetranitromethylanilin (tetryl) 
were shown to be suitable substances for testing the efficiency of in- 
itial priming explosives, and the method of using them was indi- 
cated. This report gives the results of tests with several substances 
that have been proposed as initial primers as well as with new mix- 
tures, 


MERCURY FULMINATE WITH AN OXYGEN CARRIER, 


For various reasons mercury fulminate seems destined for some 
time to come to hold its place as the essential ingredient in high ex- 
plosive primers. At the present time (1915) straight mercury ful- 
minate is used in France (72), and mixtures of fulminate with potas- 
sium chlorate in all other countries, for charging detonators. The 
admixture of potassium chlorate not only reduces the quantity of 


«Taylor, G. B., and Cope, W. C., Sensitiveness to denonation of trinitrotoluene and 
tetranitromethylanilin, Tech. Paper 145, Bureau of Mines, 1916, 13 pp. 
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the more expensive mercury fulminate but makes a composition 
running much more easily in the loading machines. According to 
the tests of Storm and Cope mixtures containing up to 20 per cent 
potassium chlorate are more efficient than the fulminate alone. The 
explosive reaction by which mercury fulminate decomposes may be 
written as follows: 

HgC.N.0:=Hg+2C0+N; 

Addition of an oxygen carrier, such as chlorate, oxidizes the CO 
to CO,, thus increasing the total energy of the explosion. Potassium 
chlorate itself decomposes exothermically and adds additional heat 
to the reaction. The endothermic character of this compound is 
often advanced as a reason for its use, but, as shown subsequently, 
many compounds having a decidedly positive heat of formation are 
equal to or better than potassium chlorate as a component of det- 
onator compositions containing mercury fulminate. 


METHOD OF WORK. 


Mixtures of mercury fulminate with 10 and 20 per cent of the 
oxygen carrier were tested by determining the minimum weights 
of them necessary to cause certain detonation of TNT and tetryl. 
The mercury fulminate used was all taken from the same lot of No. 
7 detonators (M-54), the KCI1O, being washed out thoroughly with 
water and the fulminate being dried over night in a Freas oven at 
50° C. The sample was very fine grained. The oxygen carriers (salt, 
oxide, etc.) were chemically pure preparations ground in an agate 
mortar and were always used in a thoroughly dry condition. The 
mixtures were prepared in 3-gram to 6-gram quantities by mixing 
intimately the accurately weighed components with a camel’s-hair 
brush on a sheet of glazed paper. The KCIO, mixtures were taken 
from commercial detonators that were shown by analysis to be of 
satisfactory purity and composition. 

The nitrocompound (0.40 gram) was placed in a drawn-copper 
detonator shell 5.5 mm. (3% inch) in inside diameter and 38 mm. 
(14 inches) long, and pressed down lightly with a glass rod. Vary- 
ing weights of the priming composition were next placed on top of 
the nitrocompound and a closely fitting perforated inner copper cap- 
sule (reinforcing cap) 9 mm. long with 2.3 mm. perforation was 
pressed down over the charge under a loading pressure of 100 pounds 
(200 atmospheres) per square inch. A short piece of fuse was 
crimped into the shell and the detonator was fired in the sand bomb. 
The sand test showed conclusively by the weight of sand crushed 
the degree of detonation of the nitrocompound. Thus the mini- 


«Loading machine for pressing caps is described by Storm, C. G., and Cope, W. C., The 
sand test for determining the strength of detonators: Tech. Paper 125, Bureau of Mines, 
1916, p. 48. 
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mum weight of the primer necessary to insure complete detonation 
was determined and the efficiencies of the various priming mixtures 
were compared. 

Three to five (generally five) complete detonations of the nitro- 
compound and no failures were obtained for each composition at the 
minimum charge. In all about a thousand “sand tests” were made 
in the course of the investigation. It will not be necessary to give 
the complete details. The dividing line between “complete” and 
“partial ” detonation was as a rule sharp and it was possible to deter- 
mine within 0.01 gram the weight of primer necessary to detonate 
completely the TNT or tetryl. Strong detonations often occurred 
with charges several hundredths of a gram less than the established 
minimum charge, but the criterion of minimum charge was that of 
certainty of detonation. 


TESTS WITH OXYHALOGEN SALTS. 


Ammonium perchlorate was suggested as a substitute for potas- 
sium chlorate by Alvisi (76), and potassium bromate has also been 
patented (100) for use with mercury fulminate. Neither seems to 
have had any extended commercial application, though both make 
efficient mixtures. The efficiencies for detonating TNT (M-1789) 
and tetryl (M-1849) are given in Table 4. Under the same condi- 
tions of loading the minimum charge of straight mercury fulminate 
is 0.26 gram for TNT and 0.24 gram for tetryl. It will be noted that 
all the oxyhalogen salt mixtures, with the possible exception of 
potassium iodate, were as effective as the straight fulminate or more 
so. The heats of formation are given from the corresponding halide 
and oxygen. The two exothermic salts were slightly less effective 
than the endothermic salts. 


TABLE 4.—Results of tests to determine minimum weights of mixtures of mere- 
cury fulminate and oryhalogen salts required to detonate TNT and tetryl 
reinforced detonators. 


[Reinforcing cap pressed over each charge at a pressure of 200 atmospheres per square inch.] 


Quantity required | Quantity required 
to detonate TNT to detonate tetryl 
itdge propor- metas & propor- 
ion of oxy i of oxy, 
Oyhalogen salt mixed with tarriérokee Serge Goes meas a 
mercury fulminate. tion 
10 per 20 per 10 per 20 per 
cent. cent. cent. cent. 
Kilogram 
Grams Grams. | Grams. | calories 
0. 24 0.19 0.17 -ll 
26 +20 +20 7.9 
21 16 -16 -11.3 
28 24 22 45.9 
22 18 LD | Reaver as 
22 17 .18 |a—10.9 
22 17 17 —13.1 
25 18 SAO Mscskexreate 


@ Calculated as being formed from oxygen, steam, and BaCl,. 
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TESTS WITH NITRATES AND OTHER OXIDIZERS. 


Table 5 gives the minimum charges of mixtures of mercury ful- 
minate with nitrates, lead oxides, lead chromate, potassium bi- 
chromate, and potassium permanganate. It will be noted that the 
silver and lead nitrates make efficient mixtures, whereas the alkali 
and alkaline earth nitrates do not. All of the compounds repre- 
sented in this table absorbed heat in their decomposition, yet 7 
of the 11 make mixtures with mercury fulminate having greater 
priming efficiency than the fulminate alone. The quantity of heat 
subtracted or added to the total heat of explosion by the decompo- 
sition of the oxygen carrier is never more than a few per cent. Be- 
sides the substances listed in the tables, the following were also tried 
in 10 and 20 per cent mixtures: Manganese dioxide (MnO,), yellow 
mercuric oxide (HgQ), the uranium oxides (UO, and U,0,), cupric 
oxide (CuO), vanadium oxide (V,O,), ferric oxide (Fe,O,), and 
finely divided platinum and platinum black. These mixtures were 
much less efficient than mercury fulminate alone, most of them hav- 
ing minimum charges of more than 0.40 gram. 


TABLE 5.—Results of tests to determine minimum weights of mixtures of mer- 
cury fulminate and various oxygen carriers required to detonate TNT and 
tetryl reinforced detonators, 


[Reinforcing cap pressed over each charge at a pressure of 200 atmospheres per square inch.) 


Quantity required | Quantity required 

todetonate TNT | todetonate tetryl 

Pavine ® propor- roldga tn propor- 

Oxygen carrier mixed on of oxygen ion of oxygen 
with rary ful-| carrier of— carrier of— 

minate. 


BESNNBREREE: 


CONCLUSIONS REGARDING EFFICIENCIES OF FULMINATE MIXTURES, 


The results of the experiments with priming compositions consist- 
ing of mixtures of mercury fulminate and various oxygen carriers 
do not disclose any striking conclusion regarding the relation be- 
tween any single property of the oxidizer and the priming efficiency 
of the mixture. Oxidizers varying widely in specific gravity, heat 
of formation, percentage of available oxygen, character of the non- 
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volatile product of explosion, and general chemical relationship yield 
about equally efficient mixtures. Although it has not been found 
possible to trace any general relation of specific properties to effects, 
the following facts may be pointed out: Salts of the oxyhalogen 
acids make efficient mixtures; oxides and nitrates of heavy metals 
whose decomposition results in free metal make especially effective 
mixtures; heavy metal oxides that reduce to lower oxides are in- 
effective. 


TESTS WITH LEAD HYDRONITRIDE, SILVER ACETYLIDE, AND THEIR MIXTURES 
WITH MERCURY FULMINATE, 


Lead hydronitride or lead azide (PbN,) has been shown by sev- 
eral investigators to be an effective initial primer (16, 19, 28, 32). 
It is said that its mixtures with mercury fulminate do not become 
“dead pressed ” (102). Recently Stettbacher (26) has prepared and 
tested silver acetylides (107) precipitated from ammoniacal, neutral, 
and nitric acid solutions by purified acetylene gas. He found that the 
precipitates from the neutral and the acid solutions were probably 
identical and did not correspond to the formula Ag,C,, but their yield 
and explosive power indicated that they contained some oxygen. 
The “limit charge ” determined for tetryl was 0.07 gram. 

For tests represented in Table 6 following, silver acetylide 
was prepared according to Stettbacher’s method from acid and neu- 
tral solutions, but no minimum charge could be established up to 0.40 
gram. Admixed with mercury fulminate, however, it added con- 
siderably to the efficiency of the fulminate. The composition of 
silver acetylide is probably not constant and the product tried may 
have been different from Stettbacher’s preparation. The precipitates 
from the acid and the neutral solutions had about the same proper- 
ties. 

The lead hydronitride used in the tests was prepared by precipita- 
tion from a lead acetate solution with a 4 per cent solution of sodium 
hydronitride made slightly acid with acetic acid. 


TABLE 6.—Minimum accight, in grams, of murcury fulminate, lead hydronitride, 
and silver acetylide in reinforced detonator shells pressed to 200 and 400 
atmospheres per square inch required to detonate TNT and tetryl. 


Loading pressure of | Loading pressure of 
200 atmospheres. 400 atmospheres. 


Primer as 
TNT. | Tetryl. | TNT. | Tetryl. 
Moroury, ful Mgt oo 20353 escaad ce sedessedctedadangeess Reeabes 0. 26 0, 24 0.30 0. 25 
Lead hy dronttride.: 254552 scseesccstnsessacescsspaceusteapeeer ss -2B -OL 14 04 
PUVOF BOSC YNAG eas isa cee od vied ove eia Non eceo teh cln hes Biles wees 40+ 40+ 40+ 40+ 
Mixture of 80 per cent of mercury fulminate and 20 per cent of 
Jeati-b ydronit plage 2559.6 ck dawy scan nsises ang eeu me weRe seats 18 06 14 .06 
Mixture of 50 per cent of mercury fulminate and 20 per cent of 
silWer Moet ylides, . is o8as sages eciand Ab ieediccasieherouatenee? -16 +10 18 -10 
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The results show that when mercury fulminate’ is used as a 
priming, especially for TNT, the minimum weight required for cer- 
tain detonation is greater when the charge is pressed under a pressure 
of 400 atmospheres than when pressed under a pressure of 200 atmos- 
pheres per square inch. Exactly the opposite is true of lead hydro- 
nitride and its mixtures with mercury fulminate.? In seeking an 
explanation, certain experiments were conducted. The results are 
shown in Tables 7 and 8. The TNT was first loaded into the det- 
onator shell and pressed to the desired pressure. Careful determina- 
tions of the density of loading at each pressure were made by cutting 
the shell apart and waterproofing the exposed surface with a thin 
collodion film and weighing in a pycnometer. From the known 
weights of TNT, copper, and water displaced, the density was cal- 
culated. The densities ascertained as compared with water at 27° C., 
were 1.305 when the TNT was pressed under a pressure of 200 atmos- 
pheres, and 1.387 when it was pressed under a pressure of 400 atmos- 
pheres per square inch. 

The reinforcing capsule ordinarily used in this work was long 
enough to inclose all of the priming and a little of the TNT. In 
order to avoid disturbance of the compressed TNT, a shortened cap- 
sule was used in the experiments representd in Table 7. It will be 
noted that this change in the construction of the detonator consider- 
ably affected the size of the minimum charge. 

The results presented in Tables 6, 7, and 8 indicate that uncom- 
pressed mercury fulminate is more efficient than compressed ful- 
minate, and that the efficiency probably decreases with increase in 
pressure. It seems also that the sensitiveness of TNT to detona- 
tion probably decreases as the degree of compression increases. The 
efficiency of primers containing lead hydronitride probably increases 
with the pressure of loading, and this effect is probably strong enough 
to overcome the slight decrease in sensitiveness of the TNT. 


“It has been previously shown also for chlorate-fulminate mixtures that increasing the 
pressure of loading the detonator decreases the probability of detonation of TNT. See 
Storm, C. G., and Cope, W. C., The sand test for determining the strength of detonators: 
Tech. Paper 125, Bureau of Mines, 1916, pp. 49-53. 

*No particular significance should be attached to the apparent increase in minimum 
charge of lead hydronitride for tetryl that has been loaded at a pressure of 400 atmos- 
pheres over that loaded at a pressure of 200 atmospheres. With the type of reinforcing 
capsule used all of the primer could not be kept properly under the cap during the 
pressing at this pressure. In general, the results were always more erratic at the higher 
pressure for all primers tested. 
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TABLE 7.—Results of sand tests of detonators loaded with 0.40 gram of TNT at 
different pressures, each primer at @ constant pressure of 200 atmospheres 
per square inch; shortened reinforcing capsules. 


Loading Weight of sand pulverized finer than 30-mesh with priming charge of— 
pres- 
sure 
of Mixture of 80 per cent mer- 
TNT, Straight mercury fulminate. cury fulminate and 20 per 
atmos- cent lead bydronitride. 
pheres = ee 
per F 
yeahs 0.46 | 0.44 | 0.42 | 0.40 | 0.38 | 0.36 | 0.34 0.32 | 0.30 | 0.20 | 0.18 | 0.16 | O.14 
+ | gram.| gram.| gram.| gram.| gram.| gram.| gram.| gram.| gram.| gram.| gram.| gram.| gram. 
| 


Faranie Cente: Grams.|Grams. Grams.|Grams.'Grams. Grams. Grams.|Grams.|Grams.|Grams. Grams. 


Bests feees 38.0) 35. -1] 35.8| 31.8 | 017.6) 97.3] 33.0) 20.8] 30.5) 12.0 
00.26. /2 00022 023.0 | 010.3 leevesailes coves] 0.2) 025.2 |...220- 

"B8.0'| "36.3 | 36.5 | ona. 5 [2000002)202020 fond 2022222" ag. 2 |2IITT) 29.5 1806 | aia a 
400... 40.5 | 18.7 | a21.5 | 016.0 |=... oo secs eeeeeliesenes[esseneslesoe see 28.5 | 025.5 |... 22. 


SBT seesachiosised [segs see [snseeee|rsensee[earssee |ns-sree]eereeee[eneeees | 29.0 ]....... | yicecee 


a Incomplete detonation. 


TABLE 8.—Results of sand tests of detonators loaded with 0.40 gram of TNT at 
different pressures and primed with compressed and uncompressed mercury 
fulminate, without reinforcing capsules. 


Loading Weight of sand pulverized finer than 30-mesh by priming 
pressure of charge of— 
TNT, at- | Compression of primer per 
mospheres square inch. 
per square 0. 425 0. 400 0.375 0.350 0.325 0.300 
inch. gram. gram. gram. gram. gram. gram. 


@ Incomplete detonation. 


ACCELERATING ONE PRIMING BY ANOTHER. 


That the action of the less efficient priming explosives, including 
mercury fulminate, may be considerably strengthened by superim- 
posing a quicker acting explosive upon them has been suggested by 
Wohler (31). The efficiency of lead hydronitride and of silver acety- 
lide when used in this way is shown by the results presented in 
Table 9. The acetylide, although an inefficient priming for TNT or 
tetryl, markedly increases the effectiveness of mercury fulminate. 
The probable reason for this anomaly is discussed subsequently. 
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18 INITIAL PRIMING SUBSTANCES FOR HIGH EXPLOSIVES. 
PURE ORGANIC COMPOUNDS AS INITIAL PRIMINGS. 


The use of organic explosive compounds has frequently been sug- 
gested. In order to indicate the possibilities in that direction, two 
compounds were prepared. 

Nitrodiazobenzene perchlorate (51) was prepared by dissolving 
3.5 grams of meta nitraniline in 100 ¢. c. of water containing 4 c. c. 
of concentrated hydrochloric acid, cooling the solution with a freez- 
ing mixture, and diazotizing it with a concentrated solution of 
sodium nitrite. After the liquid had been filtered, a concentrated solu- 
tion of ammonium perchlorate was added, and the precipitated nitro- 
diazobenzene perchlorate was collected on a filter paper and dried ina 
desiccator over sulphuric acid. 

The compound was lightly pressed on top of 0.40 gram of both 
TNT and tetryl, without the reinforcing capsule. It was found that 
0.10 gram was sufficient to detonate completely TNT, and 0.05 gram 
caused partial detonation. As little as 0.05 gram caused tetryl to 
detonate. As the experimenter was attempting to press some of the 
compound under the reinforcing capsule on top of tetryl, the detona- 
tor exploded violently, wrecking the press block. When pressed in 
lightly by hand, 0.5275 gram of the compound nearly filled a No. 8 
5.5-mm. detonator shell, and the same quantity pulverized 46.6 grams 
of sand finer than 30 mesh in the sand bomb. <A small quantity when 
struck with a hammer on an anvil or touched with a match in the 
open exploded with a loud report. 

Hexamethylene-triperoxyd-diamine was prepared by the method 
of Girsewald (50, 91); 10.5 grams of citric acid was dissolved in 35 
grams of 30 per cent hydrogen peroxide solution, and 7 grams of 
hexamethylene-tetramine was added. The hexamethylene-triper- 
oxyd-diamine separated out as small white crystals. After the solu- 
tion had stood 3 hours these crystals were filtered off and dried in a 
desiccator. A small portion was dried satisfactorily in an oven 
at 70° C. ; 

This compound was tested for its ability to detonate TNT and 
tetryl. The test was similar to that described above except that the 
compound was separated in the detonator shell from the base charge 
by thin disks of tin foil; 0.15 gram caused TNT to detonate com- 
pletely, and 0.10 gram caused nearly complete detonation; tetryl de- 
tonated completely when primed with 0.10 gram and partly when 
primed with 0.05 gram. The ability of the compound to crush sand 
(0.34 gram crushed 26.3 grams of sand finer than 30 mesh) is about 
the same as that of nitrodiazo-benzene perchlorate and much greater 
than that of mercury fulminate. When struck with a hammer on an 
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anvil the compound explodes with a loud report, but when a match 
is applied to a small quantity in the open, it explodes with little 
noise. 

The priming efficiency of these two organic explosives is high. 
Their loading density is much less than that of the priming com- 
pounds containing a metal, but weight for weight they are much more 
efficient. Under the same conditions of experiment at least 0.30 
gram of lead hydronitride and 0.35 gram of mercury fulminate are 
required to detonate TNT. The presence of a heavy metal is not a 
requisite for initial priming explosives. 


INTERPRETATION OF RESULTS OF THE SAND TEST. 


Storm and Cope (27) found that mixtures of mercury fulminate 
with potassium chlorate crushed more sand finer than 30 mesh in the 
“sand bomb” than did mercury fulminate alone. In order to deter- 
mine whether this ability to break up quartz sand always paralleled 
the priming efficiency (the measure of priming efficiency being taken 
as the relative minimum weights required to cause detonation), sand 
tests with 1 gram of different priming compositions were made in 
three ways, as follows: (a) The shell was loaded without pressure, 
being merely tapped on the table top; (0) The contents of the loaded 
shell were subjected to a pressure of 200 atmospheres per square 
inch; and (c) the detonator shell was “reinforced” and the con- 
tents pressed at 200 atmospheres per square inch. After each test the 
total quantity of sand passing through a 30-mesh screen was deter- 
mined and to measure the degree of fineness, that passing a 100-mesh 
screen was also observed. The results for all mixtures tested are 
given in Table 10. They do not show any parellelism between quan- 
tity of sand crushed and priming efficiency. The results of tests 
showing that a pressure of loading up to 400 atmospheres has no ma- 
terial effect on the quantity of sand crushed are given in Table 11. 
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TABLE 10.—Results of comparative sand tests of priming compositions. 
[1 gram of primer used.] 


Weight of sand pulverized. 


Minimum 
charge 


Detonator rein- 
forced and 


in grams 
for TNT 


Primer mixed with mercury Shell not der pressure of 200 
fulminate. pressed. 200 atmospheres ‘atrnine: 
inch. 
pheres 
rein- 

_ forced. 
\ 23.35 35.30 . 33.60 20. 45 0. 26 
4 25.15 36.95 23.60 36.70 22.70 -25 
i 25.50 39. 25 24.80 38.95 22. 85 -24 
i 25.70 38. 40 24.50 36.90 24.30 24 
s 27.00 41.20 26.10 38.05 24.90 -26 
i 24.10 36. 80 23. 50 35. 20 23. 40 =e 
f 25.05 38.70 24.80 36. 60 24.00 <a 
36. 50 23.35 36.35 23. 50 34.30 22. 55 24 
37.40 23.70 35. 60 22.30 34.15 22. 20 -22 
38.05 23.70 38.80 23.75 35.85 22. 85 -2 
38. 90 23.35 37.55 21.15 35.75 22.60 >.40 
34.40 22. 40 33.45) 21.50 32.70 20.35 -22 
32.80 20.90 32. 20 20.00 ; 18.95 -27 
34.90 22. 00 34. 60 21.50 19. 20 -22 
34.40 21.30 34.00 21.30 20. 25 24 
32. 40 18. 60 11.10 2.5 18. 20 >.40 
37.20 22. 60 36.7 BAS ier ictecclsaessaveen -18 
34.65 DONS: leas seceesdlsececesdvs|uccsseeuedtvavsssckot -16 
41.35 25. 25 38.90 23. 45 50 -2 
39. 45 24.10 39. 45 22.95 45 -25 


@ 0.02 gram of PbN, ley foape tae 
> 1.02 grams of primer or comparison with results of tests with PbN¢ superimposed. 


TaBLE 11.—Results of sand tests of 1-gram charges of priming explosives at 
different pressures of loading. 


Weight of sand pulverized. 


Loading pressure of | Loading — of 
Primer. Shell uncompressed. 200 atmospheres| 400 atmospheres 
per square inch. per square inch. 


30-mesh. | 100-mesh. | 30-mesh. | 100-mesh. | 30-mesh. | 100-mesh. 


Grams. Grams. Grams. Grams. Grams. Grams. 

36. 10 23.35 35. 30 21.80 36.90 21.45 

35. 20 21.30 34.45 20. 60 75 21,00 

37.20 22. 60 36. 70 22.30 35. 85 21.15 

23. 00 12.30 21.30 10.45 22.00 11.70 
Mixture of 80 P sod cent mercury ful- 
minate and 20 per cent silver acety- 

S605 occas ence cawsseucteninnieesl 34.65 MAD [ice cccokene sakataatecs nose cans teulemenenmes es 


These results, having established rather conclusively that the quan- 
tity of sand crushed under the conditions of the test bore no relation 
to the relative priming efficiencies, even of such similar explosive 
mixtures as mercury fulminate and oxygen carriers, an explanation 
of the interpretation to be placed upon the “sand test” was sought. 
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In Table 12, following, the explosives are listed in the order of 
their calculated total energy of explosion. The second column shows 
the calculated heat developed by the explosion of 1 gram of each 
explosive, the value being based on Martin’s value of 349 calories for 
1 gram of mercury fulminate. The heats of reaction of the salts used 
in the calculation were taken from Biedermann’s Chemiker Kalender 
for 1916. Assuming that the specific heats of the products of ex- 
plosion are approximately equal, the total energy of explosion may 
be expressed by Berthelot’s “characteristic product,” QV., in which 
V, is the calculated volume of gaseous products of explosion at 0° C. 
and 760 mm. pressure. Columns 5 and 6 give the results of “sand 
tests.” It will be noted that the values for the “sand tests” stand 
in nearly the same order as the product QV.,, indicating that the sand 
test is really a test for strength. This conclusion suggests that a 
sand test modified for the brisant blasting explosives and on a much 
larger scale might give more satisfactory results than either the 
Trauzl lead block or the ballistic mortar. 


TaB_e 12.—Energy of priming compositions. 


Heat of 


ofT gram | gsa4 | Chara shell 
Primer mixed with mercury Sess 760 mm.,| product. Lokespe 
fulminate. calories, | &¢ 


Q Vo QVo 

PbOs, 20 per cent 345, 252 86, 000 32.80 32. 20 
PbOsz, 10 per cent. eis 342 283 34. 40 33. 45 
‘ulmi 349 315 36. 10 35. 30 

473 238 34. 40 34.00 

411 276 34.90 34. 60 

406 290 36. 50 36. 35 

463 266 37.40 35. 60 

488 283 38. 05 38. 80 

490 283 38.75 36. 95 

487 290 39. 10 36. 80 

506 283 39. 30 38. 40 

610 * 252 38. 90 37. 55 

632 252 39. 90 39. 25 

652 252 41.00 41.20 

626 266 39.35 38. 70 


DISCUSSION OF THEORY. 


Until more is known concerning the process called “detonation” 
in high explosives, and more definite scientific concepts than per- 
cussion, blow, impact, shock, etc., are formulated for describing the 
initial impulse that causes high explosives to detonate, it will be diffi- 
cult to determine the peculiar properties upon which the efficiency of 
initial priming explosives depend. 
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Accepting tentatively the views of Wohler (31), Storm and 
Cope (27) consider that the initial velocity, or the initial rate of 
detonation, is one of the factors of greatest importance in determin- 
ing the efficiency of priming substances. As Marshall (18) has 
pointed out, Wohler really means acceleration and not initial velocity 
(Anfangsgeschwindigkeit). When a priming explosive is ignited by 
flame it first burns, but in an almost infinitesimally small space of 
time detonation sets in. In other words, the more efficient primers 
accelerate their own explosive transformation enormously. The less 
efficient primers can be accelerated by priming them with more effi- 
cient primers, for example, lead hydronitride on mercury fulminate. 
It may not be going too far even to say that theoretically explosives 
of the second order require primers simply because they lack the 
capacity to accelerate burning through the intermediate stages to the 
detonation stage. 

The effectiveness of a detonator in practice probably depends upon 
explosive energy that may be separated into an intensity factor and a 
capacity factor.t The intensity factor may be called “quickness,” 
and depends upon acceleration of the explosive decomposition. The 
capacity factor is “strength” and is measured by the total energy of 


the primer = in which Q is the heat of the reaction, V, the 


volume of gas liberated, and c¢ the specific heat of the products of 
reaction.» The “sand test” may be regarded as a measure of 
“strength.” The lead-plate test and the shattering effects on glass 
tubes are tests of “quickness.” Of the two factors the quickness is 
considered the more important (23), but as this may be regarded as 
constant for a given primer, the strength test (sand test) is a measure 
of the efficiency of detonators containing the same composition. 

The priming properties of the particular sample of silver acetylide 
used in the investigation affordsa strikingexampleof the importance of 
both the quickness and the strength of primers. This compound was 
much inferior to mercury fulminate as a primer for TNT and tetryl, 
yet it was quick enough to accelerate mercury fulminate and to 
increase considerably the efficiency of the latter (see Table 9). It 
gave a very inferior sand test (see Table 11), which probably ac- 
counts for its inefficiency as a primer for the nitro compounds. On _ 
the other hand, lead hydronitride, which increases the efficiency of 
fulminate as a primer for TNT, could not accelerate the silver acety- 
lide sufficiently to overcome its lack of strength. 


«Intensity ’’ and “capacity are not used here in exactly the most accurate way. 
See Noyes, A. A., General principles of physical science, 1902, p, 79-82. 


b Qe is Berthelot’s ‘‘ characteristic product.” See page 21. 
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VALUE OF SAND TEST. 


The fact that the efficiency of initial priming explosives for deto- 
nating such typical high explosives as TNT and tetry] is not paralleled 
by their ability to crush quartz sand in the sand bomb does not im- 
pair the usefulness of the latter for testing commercial detonators. 
The quantitative character of the results gives the sand test a decided 
advantage over other tests, and if the detonators loaded with the same 
composition are considered, it is an accurate index of their relative 
efficiencies. It is planned to correlate the results of the sand test 
with tests of cartridges of blasting, mining, and other high explo- 
sives, but until this can be done detonator compositions of radically 
different character should also be subjected to other tests, especially 
those depending on the quickness of the priming. 

As the priming efficiency will probably be found to depend upon 
both factors of “quickness” and of “strength,” the value of the 
sand test for determining at least the “strength” may be considered 
as established. 


WORKS CONTROL, 


The value of the sand test for such investigations as are described in 
this report is unquestionable. It indicates accurately whether the 
nitro compound comprising the base charge of the detonator has com- 
pletely detonated, partly detonated, or failed altogether. 

In the manufacture of mercury fulminate, or other initial prim- 
ing explosives, some method of testing as an aid in obtaining uni- 
formity of product is desirable. Chemical analysis is one such 
method. Determination of the minimum charge required to detonate 
a standard nitro compound, such as trinitrotoluene, for example, ac- 
cording to the method described in Bureau of Mines Technical Paper 
145,¢ is suggested as another useful method. By this method a sma!l 
charge of fulminate, its chlorate mixtures, or lead hydronitride is 
superimposed upon the nitro compound in the detonator shell. The 
detonator is usually of the “reinforced” type, in which an inner 
perforated capsule is pressed down over the charge. The sensitive 
fulminate composition, fired by fuse or electrically, detonates the 
secondary explosive, thereby transmitting the impulse that causes 
the blasting explosive to detonate. The tests are usually carried 
out by weighing into the copper shell a fixed quantity of explosive 
and varying the weight of priming until the minimum quantity 
required for certain detonation is ascertained. Variations in the 
manufacture, mixing, pressing, and keeping of compositions for 
detonators could easily be detected by this means and the entire 


*Taylor, G. B., and Cope, W. C., Sensitiveness to detonation of trinitrotoluene and 
tetranitromethylanilin: Tech. Paper 145, Bureau of Mines, 1916, p. 5. 
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manufacturing operations subjected to rigid control by it. The tests 
do not require the service of especially trained chemists, as the only 
expert operation needed is careful weighing of the detonator charges. 
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